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ABSTRACT 


Analyses were performed on a measure of avoidance 
behavior in four inbred strains, A/HeJ, BALB/cJ, SWR/J, and 
129/J, of Mus musculus and their Fi and F, reciprocal crosses 
and the first generation of backcrosses to the inbred strains. 
The results indicate a difference between males and females 
with female offspring scoring a significantly higher number 
of correct avoidances. In general maternal effects were 
absent. The overall mode of inheritance is that of dominance 
with males showing more overdominance than females. Examin- 
ation of individual crosses shows that the mode of inheritance 


Varies wWwitn the Strains considered. 


Non-allelic and genotype-environment interactions 
were found to be present. Transformations were applied with 
NOwaMpLOvencitein the adequacy of scale. The difficulty 
stems from the large variances obtained for certain crosses 
in the Fy diallel cross. The presence of non-allelic inter- 


action may be responsible for inflation of dominance. 


Testing was carried out for three consecutive days 
with genetic effects being more pronounced on day one. The 
variation due to dominance effects is strongest on day one 


and decreases further on days two and three. 
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INTRODUCTION 


Within the field of behavior genetics, analysis 
can progress through three major steps. Step one, which is 
establishing that genetic factors play a part in the behavior 
studied, is usually a comparison of inbred strains or a 
selection study. Step two is generally a quantitative 
analysis as the behavior studied is most probably controlled 
by a polygenic system, and step three is manipulation of 


genotypes at the level of genes, chromosomes, gametes, or 


populations. Reviews have been carried out by Benzer (1971), 
Hirsch (1967), Lindzey & Thiessen (1970), Manosevitz, Lindzey, 
& Thiessen (1969), and Wahlsten (1971). The particular level 


one works at depends on both the organism and the behavior 
chosen for study. The behavior which this thesis deals 

with is avoidance conditioning in inbred strains of the 
hoyse mouse, Mus musculus, and analysis is still at step two. 
Although the mouse is a suitable mammal for genetic manipui- 
ation, the amount of information known about the learning 
behaviors usually studied is not sufficient to proceed to 


step three. 


The essence of avoidance conditioning 31s sthatsthe 
organism must learn to make a response in order to avoid an 
impending occurrence of noxious stimulation. Kimble (1961), 
in considering conditioning in historical perspective, states 
that its uncritical acceptance by psychologists was primarily 


due to Bekhterev although the details were Pavlov's. 
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He states that its enthusiastic acceptance was due to its 
seemingly objective methods and general applicability. 
Since then it has become apparent that there are many 


complex features involved. 


Two forms of conditioning are distinguishable: 
classical and instrumental conditioning. Classical cond- 
itioning basically involves an unconditioned stimulus (UCS) 
which reliably produces an unconditioned response (UCR) and 
a conditioned stimulus (CS) that does not produce the UCR. 
The CS and UCS are repeatedly paired and a response similar 
to the UCR develops to the CS. This response ach epenies the 
conditioned response (CR). It should be noted that the 
UCR and CR are not exactly the same. It is generally agreed 
that they are quantitatively different (Kimble, 1961; Marx, 


ASHER be 


Instrumental conditioning is based on Thorndike's 
"law of effect" which states that a response is strengthened 
if it is followed by satisfying consequences and weakened if 
it is followed by dissatisfying consequences. It involves 
response comeimcen: sretnrorcarnent and does not involve 


choice among experimentally defined alternatives (Kimble, 


LO eats Oo). 
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The main differences between classical and 
MScCeUMNen cal ecCOna tioning sare:>) ~(l)lan UCS as*not present in 
instrumental conditioning to elicit the to-be-learned response, 
and (2) in instrumental conditioning the reinforcement is 
dependent upon the subject's behavior, whereas reinforcement 
is given in classical conditioning regardless of the subject's 
behavior. Examples of both types of conditioning can be 


£ound in Marx (1969). 


The traditional explanation for avoidance 
conditioning is a two-process learning theory advocated by 
Mowrer (1947,1956) and Solomon & Wynne (1954). Hey 
propose that on the basis of the pairing of neutral and 
noxious stimuli, a motive of 'fear' is acquired early in 
training to the previously neutral and now 'feared' stimulus. 
Responses leading to the removal of the 'feared' stimulus 
are strengthened by a drive-reduction mechanism of 
reinforcement. The two processes involved are: 
(DPyeeclassicalecondrtioning = asseociattong.tearning which 
leads to the establishment of a motivational state known 
variously as fear, anxiety, or conditioned aversion, and 
(2) instrumental conditioning - law of effect learning which 
enables the animal to reduce the motivational state. This 


can be presented as: 
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UCS ee CR 
(shock) (anxiety) 


Cs—— UCSs ——_—____ > UCR 


cs ——_— > CR 
(buzzer) (anxiety) 


RUNNING ————> REINFORCEMENT: 
drive-reduction 


Bolles (1970) stresses the importance of the 
particular avoidance response studied and suggests that an 
avoidance response will be rapidly acquired only if it is 
an innate defense reaction in the animal's repertoire, 
which he labelled a "species-specific defense reaction". 
He proposes that the learning mechanism is the suppression 
of ineffective species-specific defense mechanisms. More 
slowly acquired avoidance responses may not be species- 
specific defense reactions and they may have different 


mechanisms operating. 


Herrnstein (1969) and Bolles’ (1970), in reviewing 
the literature on avoidance learning indicated the confusion 
and complications involved in generalizing over behaviors 


and species. No final generalization can be made regarding 
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Ehne@elLucCOGy fOr avOl1dancercond:i tioning. s Nor can a final 
decision be reached on the role of the CS. Possible 
hypotheses are: (1) that the termination of the CS is 
assumed to lead to a reduction of fear which in itself is 
reinforcing (the hypothesis suggested above (Mowrer, 1947, 
POS GewoOLOnon es Wynne, LI>4)),.)(2)) that Stricthy iby the 
pairing of the CS with shock and by disregarding any emotion, 
the CS becomes a conditioned negative reinforcer, or 

(3) that termination of the CS provides information feed- 
back, that 1s, CS termination tells the animal that shock 


PoenOuedOlng tOsoCccur, and, this Ts, positive -reinrorcement. 
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LITERATURE REVIEW 
ocraln Di Cerences' 


Strain differences in avoidance conditioning in 
inbred strains of mice have been shown by King and 
Mavromatise (1956) 7) Royee and Covington (1960); Col¥ins (1964); 
Cacramy. Yeudall and) Royce (1964) Royce, (1966, 1972). Bovet, 
BOVEE-NIEti sand Oliverio (1966,1969)- Winston and lindzey 
(1967); Schlesinger and Wimer (1967); Oliverio (1967); 
Her oG whem (LOG) se WimeLe( 1970) 7s Rose sandeParsons. (197 0)1 
Royce, veudall and Poley (1971); and Oliverio, Castellano 
and Messeri (1972). Scudder, Avery and Karczgmar (1969) 
found differences in five genera of mice including three 


inbred strains of Mus musculus. 


im Comtrast. with Bovet,, etuad ~(1966,1969) “and 
Oliverio, et al (1972), van Abeelen (1966) and Schlesinger 
and Wimer (1967) did not find significant differences 
between C57B1/6J and DBA/2J mice. Royce and Covington (1960) 
reported strain differences between C57B1/6J's and an 
Udepeciti1red, DEAMStrain, vandseloundsthatamorestoan Dalisof the 
C57B4/60 mice did not meet the criterion of jfive successive 
conditioned responses within 700 trials. Royce and 
Govington (1960) found) two other strains, C5/BR/cd and A/d, 


to be slow conditioners by their procedures in contrast to 
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Boyveu, et al (1966,71969)"=who found’ C57BR/cad mice to be among 
the highest level of avoiders and A/J's to be intermediate. 
Scnlesingerm & Wimere (1967) "and Coltins (2964) found |A/J's to 
be poor and intermediate, respectively. These discrepancies 
can be explained by the vastly different experimental 


procedures used by the different authors as shown in Table l. 


Bovety etlal (1968,1969), in studying massed 
versus distributive learning schedules within sessions and 
over sessions, have shown that there is an optimal schedule 
depending on the strain considered. In the three strains 
analyzed they found C3H/He mice perform best when the trials 
are massed, DBA/2J mice perform best when the trials are 
spaced, and BALB/c mice are characterized by an intermediate 
pattern which is independent of the training schedule. 

Wimer (1970), in comparing massed versus distributed trials 
in DBA/20 and C5/B1/63 mice, found DBA/2J mice show superior 
learning performance when trials are massed and C57B1/6J 
mice do better when trials are distributed. The contrad- 
ictory results regarding DBA/2J mice may be due to the fact 
that Wimer studied the effect of learning schedule on six 
trials, whereas, Bovet, et al studied the effects on 200 

and 250 trials. Learning patterns in other inbred strains 


of mice have not been reported. 
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Table 2 lists the mean percent avoidance or mean 
trials to meet Sn arbitrary criterion, £orn studies involving 
more than two strains. Table 3 shows the Pearson product- 
Moment and Spearman rank-order coefficients of correlation 
between studies which had more than three strains in common. 
Comparisons between studies using the two different measures, 
mean percent avoidance and number of trials to meet a 
specified criterion, are based on the untested assumption 
that the faster an animal reaches the criterion, the more 
avoidance responses it will make. Between authors the 
ag ueenenieusmpooveburestudsessconducted=bystnemcoame- authors 
are very highly correlated. Henderson (1970) has pointed 
out the possibility that early environmental interactions 
seus genotype may limit the validity of findings to each 
unigue laboratory situation. Possible explanations for the 
discrepancies between authors are: (1) different apparatuses, 
different conditioned stimuli, conditioned responses, shock 
levels, intertrial and CS-UCS intervals; and (2) different 


training schedules (See Table 1). 


In summary, it is evident that using the same 
apoabaricmanduparameuers, COneiclenusstrain ditterences sin 
avoidance conditioning in inbred strains of mice are found. 
There appears to be more variation than expected in 
avoidance conditioning behavior within the genetically 


similar lines derived from the same family. 
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Mean Percent Avoidance 


V=volts 

H = high 

I = intermediate 
L = low 


N/c = not conditionable 


Table 2: Scores obtained by, authors using more than two 


Mean Trials to Criterion 


strains. 
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number of strains used in the correlations 


Table 3: Matrices of between study correlations. 


(Upper table is the matrix of Pearson product- 
moment correlations; lower table is the matrix 


of Spearman rank-order correlations) 
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Effect of Age of Testing 


Denenberg (1958,1960) tested C57B1/10 mice at 17 
different age levels ranging from 13 to 150 days of age. 
He found 20-day old mice to be the most effective learners 
with a decline in learning ability as age increased to 50 
days. At 100 days, the next age level studied, there was a 
somewhat smaller peak and a decline as age increased to 150 
days. Denenberg (1960) concluded that a number of physiol- 
Ogical processes which change with age are interacting with 


the conditioning procedure. 


Bovet, et al (1969) studied differences in the 
Pearman and recent 1onecurves In -DBA/20emice aterour 
different ages: 21, 60, 180, and 360 days, during sessions 
Of 42008trials for five days,  This*procedure was very 
different from Denenberg's (1958,1960) who considered only 
10 trials in one testing session. Bovet, et al's 60-day 
old mice showed the best performance when compared to 
younger or older animals. Variations of responding were 
evident between two consecutive sessions. No decline in 
percent avoidance occurred between sessions in the 60-day 


old mice, whereas, decline occurred in younger and older mice. 


These studies on the effect of age on conditioning 
involved only one strain per study and it is therefore 


gifticult to make general conclusions. It appears that the 
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effect of age will be dependent on the interaction of the 
processes involved in age change with the strain, apparatus, 


and procedure used. 
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Bovet-Nitti, Oliverio & Bovet (1969) studied 
avoidance learning in BALB/c mice raised singly or with 
Siblings. They compared 15 litters with four to eight 
littermates with 15 litters which had been reduced to one 
pup within three days of birth. They found the singly 
raised mice to be significantly better than the sibling 
group and concluded that the ‘mother-infant' relationship 
seemed to be more important than those between sibs of the 
same litter. The mice raised singly were significantly 
heavwer —.20). 64 Gjramssversus 19. 3egrams,—e.thang thee sabling 
CrOUpsl De 0.05) See ROyYCe,s Poleyrme YeudalidaKiS /2)yein ai factor 
anol yial Ce SEU VeOterl Seitactors Of, emotionality wounds that 
litter size loaded only on the avoidance conditioning factor. 
This analysis, based on the matrix of intercorrelations of 
many test scores, he used to determine the number of 
dimensions the tests describe. One factor or dimension was 
tAentTELedeaswaneavolcance conditioningstactortand Litter 
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Effect of Conditioning Parameters 


Carran, Yeudall & Royce (1964) measured the rate 
of avoidance conditioning at five levers of shock on slow 
(C58) and fast strains (SWR, C3H). As voltage level 
increased from 40 to 400 volts, the large differences in 
conditioning rates disappeared. The standard deviations 
also decreased as voltage increased. Royce (1966) found no 
Significant differences between BALB/c, a slow strain, and 
C3H mice when amperage was changed from 0.15 to 0.40 milli- 
amps or between C58 and C3H mice when voltage was changed 


PuomMezo0Slo B00 to .400NvoLlts: 


Royce) (1966) also varied the CS-UCS interval from 
two to Gight seconds and intertrial interval from 30 to 180 
Seconds. Varying whe Cs-UCS interval (had™@lattile etrect. 
A three second CS-UCS interval was chosen as optimal because 
maximal conditioning rates with the largest strain differences 
were obtained using this interval. Although no significant 
differences were found as intertrial interval increased, the 
trend was toward a continued slight increase in conditioning 
rate as intertrial i eereen was lengthened. An intertrial 
interval of 120 seconds was chosen as optimal as the 
differences between C58 and C3H mice were greatest at this 
level. Based on a limited number of strains, optimal values 
were chosen within which changes in the stimulus conditons 


within a narrow range had relatively little effect. 
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The Genetics of Avoidance Conditioning 


The diallel analyses by Collins (1964) and Royce, 
et al (1971) agree in showing an overall dominant mode of 
inheritance of avoidance conditioning with several crosses 
showing overdominance. Van Abeelen (1966) found the Fy Or 
DBA/2J and C57B1/6J to be superior in avoidance conditioning 
to the parental strains, and Rose & Parsons (1970) also 
found the F,'s Of BALB/C, C3H and C5781 to be overdominant. 
Wilcock's (1969) reanalysis of Collin's data by analysis 
of variance-covariance indicates that the fast conditioning 
strains are overdominant. Royce, et al (1971) using the 
same analysis found complete dominance. Oliverio, Castellano 
& Messeri (1972) using SEC/1ReJ, DBA/2I3 and C57B1/6J suggest 
that almost complete dominance was the overall mode of 
inheritance for avoidance behavior. This difference may be 


due to the different procedures used, as noted, in Table 1, 


angewiny the diftterent selection of strains ised. 


Wilcock's (1969) reanalysis suggests a major gene 
effect since one strain, BALB/c, is located near the extreme 
recessive end of He regression line and the remaining four 
strains are clustered near the dominant end. Data by Royce, 
et al (1971) confirms that BALB/cJ mice are recessive but 
the remaining five strains used are distributed along the 
regression line, suggesting a polygenic system rather than 


aesunleecenc errect. “Oliverto, et al °(1972)eestimate a 
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minimum of three segregating units which control avoidance 
behavior in the three strains which they analyzed. This 
difference may be due to a different selection of strains 
as the BALB/c strain was the only strain in common in the 
Collins (1964) and Royce, et al (1971) studies; and no 


strains were in common with the Oliverio, et al (1972) study. 


Collins (1964) found no reciprocal differences 
when testing for effects of early maternal environment. 
BOWCUSN iit we bOvVete s Oliveri oO. (L968) ConEitrm this, finding 
in showing that the usual patterns of avoidance behavior 
were not affected by cross-fostering two inbred strains of 
mice, DBA/2J and C3H/He. Royce, et al (1971) found some 


Significant maternal effects mainly involving three strains. 


Usingmanrex tension fof tGrif fing ss,(L956) scombiming 
abi vities tanalysis lofevarnlancep Collins y (1964) found both 
general and specific combining ability and dams x sires 
interactionsto beshighily significant;jindicatingtthatscertain 
genotypes scored significantly differently from an expect- 
ation based on observed additive effects of the parental 
Genes, eroyce, metealg (197) gneportedgthe variancegdue to 
the additive effects of the genes and the variance due to 
the dominance effects of the genes to be almost equal. This 
would give support to intra-locus interaction rather than 


inter-lLocus interaction, 
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Both Collins (1964) and Royce, et al (1971) report 
SupSeulOm Condit1oning Cor wiemales. In Collins" study, the 
reciprocals x sex interaction was not significant, indicating 
that avoidance conditioning is not affected by sex-linkage. 
Both authors relate their data to Bruell"s (1964,1967) theory 
that only quantitative polygenic traits which were biolog- 
ically adadptive and under past selection would exhibit heter- 
otic inheritance, and that traits which possessed negligible 
adaptive value would be inherited in an intermediate manner. 
This is assuming adaptedness to a given environment which 
Has nOvedrastrcally changed. Both Collins (1964) and Rovee;, 
et al (1971) suggest that rapid avoidance conditioning would 
confer a selective advantage on the species. Royce, et al 
paeee ae that the sex differences are explanable in terms 
of this evolutionary theory in that avoidance of noxious 
stimuli as an adaptive character is more important for 
females whose safety is directly related to the survival of 
Ehbeeortspiing ba lLconer ~(1960) “states that traits most 
closely related to fitness will be left with the least 
amount of additive variation. Since there is a reasonable 
amount of variation due to additive gene effects as 
evidenced by the significance of general combining ability 
in Collins’ (1964) data and by the roughly equal amounts of 
additive and dominance components of variation in Royce, et 
alts (1971) data, it would seem that avoidance conditioning 


is only one of the adaptive characteristics of the mouse. 
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Another possibility is that avoidance behavior may be 


counterbalanced by other behaviors, for example, curiosity. 


Evidence concerning more specific genetic 
mechanisms is limited; however, van Abeelen (1966) associated 
Ciewmcnont-cag, = se (he lOCUS Withwavoltdance Conditioning, 
basing his findings on a comparison of mutant (se/se) with 
non-mutant (se/+) mice of the co-isogenic stock SEC/1Gn. 
Denenberg (1959) found differences in avoidance behavior in 
two substrains of C57B1/10 mice which had been separated for 
more than 15 generations of inbreeding. He suggests that 


a behavioral mutation occurred which affects learning ability. 


In summary, this review makes it obvious that only 
minimal genetic information is known about avoidance cond- 
itioning behavior in inbred strains of mice. Investigation 
to dates has consisted of only one’ study (Oliverio, et al, 
1972) on segregating generations. This thesis attempts to 
quantitatively analyze both segregating and non-segregating 
generations in an attempt to provide more detailed inform- 


ation of a quantitative genetic nature. 
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METHOD AND MATERIALS 


Data were obtained on experimental mice bred at 
the University of Alberta from the inbred strains, A/HeJ, 
BALB/cJ, SWR/J, and 129/J, obtained from the Jackson Lab- 
OGbatcoby;ebaruharbourn, Maine. ethesetourlinbred strains used 
are the result of over 50 generations of inbreeding by 
sister-brother matings and none of the inbred strains used 


are closely related. 


Analyses were; perrormed on the F7 Jand) F9) diallel 
tables which are the result of all possible combinations of 
the parental strains (Aksel & Johnson, 1963; Hayman, 1954a, 
PIS4DeamancdaGra Giang, 1956), Also various combinations sof 
Bao ees from the first and second filial generations and the 
first backcross generation were analyzed. The data had been 
GauhenredsbysDiwed.Re Royce, Department of ePsy chology, as 
part of a broader behavior-genetic program. However, the 
author bred and tested an additional 202 subjects in order 
to increase sample sizes in the backcrosses to both the 


male and female 129/J strain. 


Analyses were performed on selected data, that is, 
not all subjects were used in each analysis. However, the 
specific crosses and their sample sizes are as follows: 

Fy diallel table (N = 470); Fp diallel table (N = jesyejsish)) 
the backcross generation from crossing the above F,'s with 


pure strain females (N = 559). 
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Apparatus 


The apparatus, devised by Yeudall, Royce & DeLeeuw 
(1968) and shown in Figure 1 is an electronically controlled 
avoidance conditioning apparatus which uses an electronic 
DUZZerecOmecocwCosdnd LOOt™SnOCKmrOreticmUCo mene: CS—-UCS 
interval, the length of UCS and intertrial interval are 
automatically controlled and the number of errors and the 
number of crossings over the midline during intertrial rest 


period are automatically recorded. 


The apparatus consists of a shuttle-box, three and 
one-half inches wide, one and five-eights inches high and 
fifteen and one-half inches long, mounted inside an insulated 
chamber with a one-way mirror in the door. Photo-electric 
cells are mounted to focus across the midline of the shuttle- 
box and a speaker is located at each end below the shuttle 
box. ‘The chamber is illuminated by a six watt fluorescent 
light bulb and is ventilated by a fan. The control unit is 


located in a separate room. 
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Procedure 


The subjects were raised in the laboratory accord- 
ing to standard procedure. A light cycle with lights on at 
9:30 am and off at 9:30 pm was maintained for the entire 
study. All testing was carried out during the hours that 
lights were on. Subjects were weaned at 21 days and remained 
Wachee eleir Litter mates (maximum of fives to a cage) until 33 
days of age at which time they were separated into individual 


mecal cages. Testing, began at 40 + 3 days ofmage, 


Royce (1966) determined an optimal set of criteria 
for the avoidance conditioning apparatus to maximize strain 
differences in five inbred strains. SWR/J and BALB/cJ 
strains are the only strains in common with the present study. 
These criteria which were used are: CS-UCS interval of 
three seconds, intertrial interval of 120 seconds, and shock 


level of 400 volts. 


Day one of testing consisted of a five minute 
adaptation period in which the subject was placed in the 
lighted chamber with all other controls inactive. On day 
two, a pre-conditioning session was conducted in which the 
subject was presented with five trials of CS without UCS, 
followed by five trials of UCS without CS. Twenty-five 
conditioning trials were then given. An avoidance cond- 


itionmng trial is illustrated an, Figure: 2. 
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Day three and four each consisted of twenty-five condition- 
ing trials. The two measures taken were the number of 
correct avoidances and the number of crossings over the 


midline during the intertrial interval. 
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RESULTS 


This section begins with an evaluation of the 
adequacy of scale followed by three analyses: (1) factorial 
analysis, (2) Hayman's diallel analyses, and (3) Mather's 


classical analysis. 


The mean number of correct avoidance responses and 
ties cellavarrancessfor the By and FE, diallel crosses and their 
array covariances, variances and differences are presented in 
Appendix I. The correlations of the means with the variances 
and the standard deviations, the probability of the Bartlett- 
Box homogeneity of variance M statistic, and the Lae EatLo 
for the Fy diallel table are given in Table 4. The two tests 
for homogeneity of variance, Bey and #Bartlett—-Bex)) ditiersan 
that the eee ratio tests the significance of the largest to 
smallest variance, whereas the Bartlett-Box test is based on 
all the variances. Table 5 gives the corresponding values for 
the males and females analyzed separately. It can be seen 
that the relationship between the means and the measures of 


dispersion are dicterent for each of the sexes, and) thati there 


is high heterogeneity of variance. 


All animals were subjected to the same physical 
environmental conditions and therefore the variances of the 
cells in the Fy diallel table should not be different from 


each other as the only source of variance for these genotypes 
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Day 2 Day 3 TOtad 


Correlation between 


* Re * 
means and variances 0.609 =0.769 Uae 


Worrelacion between 


* *K* 

means and standard a OSI ES) =) Fe 
deviations 
Bartlett-Box M | Biol: 42.48 Teme 5c kG 

| (p=0) (p=0) (p=0) nt) 
F | ee Bear) aloes = eats 
max 
| ech (Oph 
? p=<0.-05 
Table 4: Relationship between means and dispersion measures 


and tests of homogeneity of variance 


when sexes are combined. 
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For MALE data Day 1 Day 2 Day 3 Rotat 


Correlation between A 
means and variances | 0.684 0.030 Shey 2 -0.074 
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means and standard 
deviations 
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Correlation between 


means and variances =0 7708 mash Sysh 8) 
COoOnrelation between & er Ao 
means and standard 0.324 = 0rr5'9'0 all Hpaby) -0.649 
deviations 
Bartlett-Box M NTE eye 

(p= 708) 

x* 

F Uh 
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ita Ole Oi 
te p<0.05 
Table 5: Relationship between means and dispersion measures 


and tests of homogeneity of variance. 
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is that due to environment. The following transformations 
were performed on the Fy diallel cross data to attempt to 


reaquce the diverse variabilities: 


Ciao a 7 qe 8 Mee es 4 | 
where X = raw score (the number of correct avoidances) 
X' = transformed score 
ty, So theists dsl hlie 


ioe supper Limit 


(2) 2 pGee=elog (X% + 7a) 


where a = the intercept of the regression line of. the 
Standard deviation on the mean 


b = the estimated regression coefficient 
Gy 7xt = [xt ose 
where X" = 25 - X (the number of incorrect responses) 
(Dee We Sei Ge «Nels 
Ci) meee a nr esi. eee 
(6) xX' = 10946 (Xe Seedy) 
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Table 6 gives the Phax retios for the various 
transformations applied to the data. The eee Latiowrs 
reduced by some of the transformations but no transformation 
was found which would change the snp FaciOeto aslevel.or 


non-significance. 


ANGtHeRA test given in Wright (1952 f,ebased on 
Laplace's principle that a variable compounded additively 
of many small independent contributions shows an approx- 
imately normal distribution, irrespective of the nature of 
the frequency distributions of the separate units, was 
carried out. This involves plotting the inverse probability 
integral of the cumulative sum, p, of the percentage 
frequencies up to each class limit against X or any’X". 
The fact that there was crossing of lines at more than-one 
point indicates that there is either an unresolvable 
interaction or the fundamental conditions for normality on 
Aneadait1vesscale-do -not-hold-ineateleasteonesorthescasess 
The graphs for days one, two and three are presented in 


Appendix II. 
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Table 6: ee ratios for the raw data and its transformations. 
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Factorial Analysis 


A factorial analysis was carried out in which the 
genetic effects of dam and sire could be evaluated independ- 
ently Or cach other. The’ third main effecu,. sex of offspring, 
and all possible interactions were also tested. The results 
for the Fy diaitel cross are’ presented in®Table 7. » The 
highly significant dam and sire effects demonstrate that the 
strain of the parents considerably influenced the level of 
performance of the F, crosses. The highly significant dam 
x Sire interaction indicates that the scores’ of certain 
genotypes were statistically different from an expectation 


based on an additive gene effects model. 


Forms lithe: days (the .elrect sol sex. Or CL rspring. 1S 
SLOW Canu, Which 1ndicares that the scores 201, Lemale and 
male mice are significantly different; for days two, three 
ano enemtotalsechne interaction Of dams <sexmot offspring 
womotommereant. | This interaction which Ws. presentedgin 
Figure 3 indicates that the’ female” offspring Score much 
higher than males when the BALB/cJ strain is the recurrent 
dam. The t-test for differences between male and female 
offspring over all genotypes in the Fy diallel cross indicates 
that the scores for females are significantly higher in the 


number of correct avoidances, except on day one. The results 


for the t-tests are presented in Table 8. 
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Tablew7+:) Factorial analysis of the Fi diallel cross. 
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Figure 3: Dam x sex of offspring intcraction in Fj diallel. 
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The factorial analysis of the Fo diallel cross is 
Given@inetable 9. The three main effects, that of strain of 
grandsire, strain of granddam, and sex of offspring, as» well 
as the granddam x grandsire interaction are significant for 
all days. On day two the interaction between all three main 
SPELOCESmISeslonificant. «Figure A shows. that tor each ser of 
crosses in which a given strain is the recurrent sire, the 
relationship between the male and female offspring varies 
differently. The t-tests for overall differences between males 
and females, also given in Table 8, over all F, genotypes 
indicates that females score significantly higher in the 
number of correct avoidances than males for all days. These 
results are in agreement with those of the Fy Gdiallel cross 


except for the three-way interaction on day 2. 


TH COncEras tiabo sehe Fi analysis, the granddam x sex 
BiROGESpGIng interaction as noe Significant, for any om the 
days. A reduction in maternal effects in the Fy would be 
expected as the distance from the inbred parental strains is 


further removed by another generation. 
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Table 9: Factorial analysis of the Fy diallel cross. 
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Hayman's Diallel Cross Analyses 
(A) Analysis of variance of diallel crosses 


Hayman's (1954a) analysis of variance of the diallel 
cross, based on cell means, gives information on the Sign- 


ificance of four sources of variance. These are: 


(a) variation between the mean effects of each 
parental line 


(ob) variation in reciprocal sums not ascribable 
to (a), a measure of dominance which can be 
subdivided into: 


(b,) mean dominance deviation . 
(b.) further dominance deviation due to the 
rth parent 


(b,) remaining discrepancy in the rs 
3 J 
reciprocal sum 


(c) average maternal effects of each parental 
line 
(ad) variation in the reciprocal differences 


noe aseribabile “tor Cc). 


in this study (d) is used as the common error as suggested 
by Hayman (12954a) “for non-replicated experiments.” Parameters 
(a) “and’™(b) are respectively ‘analogous to 'Grifptings (1956) 
general and specific combining ability. Sprague and Tatum 
(1942) originally defined the term general combining ability 
"...to designate the average performance of a line in hybrid 
combination..."; and the term specific combining ability 


"...to designate thoses cases in which certain combinations 
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do relatively better or worse than would be expected on the 


basis of the average performance of the lines involved". 


The results are presented in Table 10. For both 
males and females, item (a), the variation between the mean 
effects of parental lines is significant or approaches 
significance sat the. 0.05 level, in bothethesEje and Bo diallel 
tables. For the male data, item (b.) on day one is significant 
in the Fy analysis; all measures of dominance variation are 
Significant on day one in the FE, analysis; and, item (b,) is 
Significant for thes; total score in theshowanalyoic. § Ehis 
indicates that for males the parental means are qeererent 
from the progeny means, that is, there is some overall domin- 
ance deviation; and, that there is also further dominance 
deviation due to the ee parent. Item (b,) for day one is 
the only significant item due to dominance in the temale 
analysis. In general, the mean squares for the dominance 


measures are much less in the females. 


There are no Significant overaliemacernal elteccs 
Bemmeasured "by item (c)) for either sex forvany ot ethe days, 
therefore, the reciprocals were collapsed for the next 


analysis, Hayman's analysis of diallel crosses. 
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(B) Analysis of diallel crosses 


Hayman's (1954b) analysis of diallel crosses was 
performed on the data using Aksel & Johnson's (1963) worked 
example to estimate the size of several genetic parameters 
and ratios derived from these estimates. The results are 
Presented jin Tables 1) and) i jand) also Gn¥ Figures "sand 64 
Assumptions that are made for this analysis are: 

(1) diploid segregation, 

(2) no reciprocal differences, 

(3) independent action of non-allelic genes; 
and in the diallel cross: 

(4) no multiple allelism, 


(5) homozygous parents, 


(6) genes independently distributed between 
the parents. 
The validity of the hypotheses postulated is tested by 
Hayman's (1954b) t-test for the case when the experiment is 


not replicated. The appropriate formula is: 


2 
2 ee. . (var Ve. meni Rees 

= a 2 Le ye es Ge ene en Eee 

4 (var on x var W,) COV (vers) 

where var = variance 

cov = covariance 
Vee VocLance Of thet array 
LS it covariance of the ce array with the pure strains 


with n-2 degrees of freedom where n = the number of parental 


strains. Significance of the t-test indicates that W, - Wer 
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is not constant and the assumptions are not met. Hayman 
(1954b) states that the weakness of this test is that it only 
GqeeCectsiVariacion- in ee * ied which is correlated with the 
dominance order of the parents. Variation which mene ly 
increases the scatter of points about the reqressionmiline sot 
Ne on Ne without altering its slope can not be detected by 
this test. This latter variation can only be detected by 
analyzing line and block differences when the experiment is 
Pepricaced.,. Also if We = i US COnStant, tue cera graph 
BHOULA Dea Straight Tine of Unit slope. | Thest-tects cor 
the oresent data were not Significant For eitner sex for 


any of the days. 
The following components of variation were estimated: 


D, variation due to additive effects of genes; 

variation due to dominance effects of genes; 

variation due to dominance effects indicating 

asymmetry of positive and negative effects 

of genes; 

h, variation due to dominance effects as the sum 
over all loci in the heterozygous phase in 
all erosses; 


F, covariation of additive and dominance effects; 
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The components of variation were used to provide estimates 


of the following ratios: 


(H,/D) 7 = mean degree of dominance 


H5/4Hy = the proportion of genes with positive 
and negative effects in the parents; 


(4DH,)® +F/(4DH,) #-F 


the ratio of the total number of domin- 
ant to recessive genes in the parents; 


D/(D + H, + BE) = additive var/\totalivar = ~heritabi lity. 
The estimates of D, H; and E are compared in Figures 
Seanor.o sor both the Fi and F, diallel crosses for each sex. 
Johnson & Aksel (1959) have demonstrated that Hayman's (1954a, 
1954b) formulae can be used with one consideration for any 


generation. That is, for the ee 


fn- 


filial generation, (fn), 
Hy ls) mS and, in) particular, for: the Eon ay has a value 
Sie-~fFOurvciethat in the F,- Except for days two and three for 
males the results of this analysis show that the estimates of 
D are about equal in the F, and Fj diallel crosses as would 

be expected, but Hy in the F5 is larger than expected in 
comparison to the estimate in the F, diallel cross. This 
latter result may mean that dominance is being suppressed in 


the F. or the estimate may be distorted due to the high degree 


Al 
of asymmetry of positive and negative effects in the parents 
as measured by the ratio Ho/4H), and confirmed by the ratio 
of dominant to recessive gene effects in the parents which 


are more unequal in the F, diallel cross. Heritability 


estimates which are also given in the graphs are much higher 


for females. 
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In the male Pa data the variation due to error 
increases until by day three it accounts for all the varlation. 
This accounts for the negative values of D and Hietabie Li) 
obtained for days two and three which do not have a valid 
interpretation. This is evidenced by the increased reciprocal 
differences and by the low regression coefficients which 
deviate further from unity in the males than in the females. 

Although only a few of the estimates are 
Significant, the results are consistent with the results 
of Hayman's analysis of variance. In both analyses the 
Significance of both additive and dominance components 
decreased over days, and variation due to dominance effects 


are less in the females. 


logy qele\s FE, analysis significance of h, except on 
day tiiree, indicates significant variation due to dominance 
effects™as the algebraic sum over all loci in the 


heterozygous phase in all crosses. 


Estimates of (H,/D)? which measure the mean degree 
of dominance are, also given in fables til l@andel2 ae ltecomplete 
dominance is exhibited, the ratio is 1.0; overdominance is 
indicated by a ratio of greatergethan 0 sand partialydominance 
DypaaGatrovor less than 1.0. The ratiosiseconsistentlyahigher 
for males than females, and in the males is always greater 


than Lo) whereas in the females, threes or the eight estimates 


are less than 1.0. 
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(C) Variance-covariance graphs 


Variance-covariance diagrams were plotted for 
each sex for the three consecutive days of testing and for 
the mean total of correct avoidances. These are presented 
meatigures 7 and 8. The variancemor the re array, V_, 

Eh 


forms the abscissa; and the covariance, Wee Of thie x array 


with the pure strains forms the ordinate. 


An overall assessment of the degree of dominance 
is obtained from the Von graph. If complete dominance is 
exhibited the regression line of covariance on variance 
passes through the origin; overdominance is indicated by an 
intercept below the origin and partial dominance’ by an 
intercept above" the origin. Males tend) toward sight ever-— 
dominance and females tend toward partial dominance. This 


L 
agrees with the estimates of (H,/D)*. 


The spacing of the Vee points along the regression 


Se dhe 2 
line enclosed by the limiting parabola, We =m Ve AV. where 


r OLO’ 
Voto is the variance of the parents, shows the relative 
proportion of dominant and recessive genes in each strain. 
Points close to the origin represent strains possessing 


’ e = 
mainly dominant genes, whereas, points farthest from the 


origin represent strains possessing mainly recessive genes. 
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Figure 7:  Vr,Wr graphs for males for day one and two. 


b =.52 + .20 


60 


40 


b= .58+ .25 


b=a.ss + 32 


Figure 7 cont'd: Vxr,Wr graphs for males for day three and 
total, 
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Vr,Wr graphs for females on day one and two. 
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The points are spaced out along the regression 
line, but there are too few points to come to a definite 
conclusion. The rank ordering of strains is similar for 
both sexes, however, the SWR/J strain is highly overdominant 
in the males, that is, it is located far below the x-axis, 
and in the females it is partially dominant being located 
above the X-axis except on day three when it is slightly 
below the X-axis. This difference accounts for the overall 
overdominance in the males and the reduced overall degree of 


dominance found in the females. 


Classical Analysis 


This analysis, first developed by Mather (1949), 
starts with two inbred strains, Py and Por which are crossed 
to produce the first filial generation, F,- The Fy is 
crossed inter se to produce the second filial generation, 
Foi and is also crossed with each parental strain to produce 
the backcross generations designated as By and Bo. This 
analysis, which has never been applied to a measure of 
learning (Wahlsten, 1971), is based on two assumptions: 

(ly) That genetic interaction between lociis absent, “and 


(2) that genotype-environment interaction is absent. 


The first assumption is tested by a method 


developed by Cavalli-Sforza (1952) which consists of 
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estimating by a weighted least-squares approach, the three 
parameters, m, d, and h, which are respectively the mean, 
additive, and dominance components of the generation means. 
The weights used are the reciprocals of the squared standard 
errors of the mean of each genetic group. The deviations 
between the expected means derived on the basis of the genetic 
model using the estimates of the parameters and the observed 
mean for each genetic group is squared and weighted. The 

sum, Over groups, of these deviations is distributed as a 
chi-square with degrees of freedom equal to the number of 


groups utilized minus the number of parameters estimated. 


The second assumption is tested by comparing the 


variances of the three non-segregating groups. 


The following values are estimated: 


Nien environmental variance; 
Var additive variance; 
Vie variance due to dominance effects; 


h', heritability in the narrow sense; 


Ge dominance ratio; 


SOA, Eee test for segregation. 
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Over one-half of the chi-squares are significant 
especially on day one, and 27 percent of the eee ratios are 
Significant. This indicates violation of the two assumptions, 
the presence of non-allelic and genotype-environment interact- 


VOn,;cOreManyeNOr etie mets. 


TieGebeculicwor “bhiis analysis are graphically 
presented in Figures 9 and 10 and are given in Appendix III. 
The results seem to fall into two main categories. The first 
category involves those crosses in which SWR/J is a parental 
strain. In crosses with A/HeJ and BALB/cd, the Fy show 
strong overdominance. All three parameters, m, s and h are 
Saoniercant... ,ieslts. Gross wlth 129/04. the Fy Usp partially 
dominant in the direction of SWR/J, and only m and d are 


Slugnleleant. 


The second category involves the strains, A/HeJ, 
BALB/cJ and 129/J which have similar means. In the A/HeJ x 
BALB/cJ and A/HeJ x 129/J crosses the F, averages below the 
lower scoring parent except on day three. In the BALB/cJ x 
129/J cross the a score Similarly to the parental strains. 
ingale three of these crosses the Fy and backcross score 


much higher than expected. 


As\far as estimates “irom the Second-degree stat— 
istics, less than one-quarter have estimates®or ithe variances 
that are interpretable. In the rest of (the Sets! of data, 


negative estimates which do not have a valid interpretation 
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The problem stems mainly from the high estimates of variance 
due to the environment. The presence of negative variances 
prohibits the calculation of further ratios. Using the 
F-ratio of total variance to environmental variance, 
Significant genetic variation in avoidance behavior in the F. 
generation is shown only for day one. Other reasons for 


failure to show significant genetic variation will be 


considered in the discussion section. 


equare root transformation was applied and analysis 
was carried out with no improvement. Va and V,, negative 
estimates persisted where present in the analysis of the raw 
data given above. The raw data was also analyzed with the 
data restructured with the sexes separate and the reciprocals 
collapsed and also with the sexes collapsed and the 
reciprocals separate to provide 12 equations. The chi-squares 
from these analyses were all significant except one. The 
analysis of the sexes separately with the reciprocals 


Combuned into sist “equations improved sfoumtoc elie: sets) and 


are given in the appropriate places in Appendix III. 


al 
The dominance ratio, (WA /Vel es when calculated 
where possible, indicates overdominance. The estimates of 


heritability are low. These results are in agreement with 


the previous analyses. 
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Relationship of Avoidance Behavior with Other Variables 
ee ttaviior with Otner Variables 


For the Fy and F, diallel crosses and the back- 
crosses, a matrix of correlations of ten variables is 
presented in Appendix IV. The variables are: weight on the 
First day of testing; litter size: the number of correct 
avoidances on days one, two and three; the number of cross- 
ings of the midline during intertrial intervals for days 
one, two and three; and age of sires and dams’ on day of 
birth. In each of the matrices the numbers of correct 
avoidances and the numbers of crossings over the midline 
are highly intercorrelated. That is, the more active the 
animal was, the more correct responses it made. Litter size 
is positively correlated with the number of correct avoid- 
ances On day one in both the Ey diallel cross and in the 
backcrosses, but not in the Fy diallel cross. In only the 
Fi diallel cross, weight is negatively correlated with 
avoidance behavior on all days. In the FE. diallel cross 
the ages of the sires and dams are correlated with all 
other variables, whereas, in the backcrosses the age of the 
sires is not Sree eanely correlated with any of the 
variables and age of the dam is correlated with half the 
VaGiables me Onl yd feweVallallesowmagerscl Ont alcant ly 


correlated with the ages of the sires and dams in the Fy 


diallel cross. 
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Although the number of correct avoidances is 
correlated with weight, litter size, and the ages of the 
Sires and dams, the correlations are not consistent in the 


three sets “of data nor are they very strong correlations. 


= §1 = 
DISCUSSION 


The levels of avoidance behavior evident in the 
inbred strains are similar to those already reported by 
Royce, et al (1971) and Royce (1972) with the exception of 
the A/HeJ strain. The A/HeJ strain and all its Fy crosses 
score much lower in the present study. The Fi diallel cross 
correlates with the corresponding subset of the Royce, et al 
(1971) diallel cross 0.69 (p<0.005) for males and 0.50 
(p<0.025) for females. The overall mean of the diallel cross 
in the present study is lower, (30.2 vs 47.0 for males; 
Due0avs, 49.1. for temales) + but, the overawt siemens deviat- 
TOMe ouligier, '( 1323 Vs.3,5 for males lle lsyomo.4e tor 
females). The only obvious difference that may account for 
the decrease in the mean level of performance especially for 
A/HeJ and its crosses, and the increase in differentiation 
between genotypes is the change in the conditioned stimulus 


ECOuwasbDuzaen to a tone. 


The presence of significant overall sex differences 


for the F, diallel as indicated by the factorial analysis 


iL 
(Table 7) and the t-tests (Table 8) agrees with Royce, et al 
(1971) and Collins (1964). In all three studies females are 
superior to the males in avoidance behavior. Oliverio, et al 
(1972) did not find any Significant sex difference. There 


were no strains in common with’ the present study, but two*or 


the three strains used by Oliverio, et al (1972) were in 
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common with the Collins' (1964) study. It may be that the 
apparatus and procedure used by Oliverio, et al (1972) does 


not produce differentiation between the sexes. 


There is no overall maternal effect in either the 
Fy or F, diallel table as measured by the "c" term in 
Hayman's analysis of variance of the means (Table. 10) *s but, 
there is a specific maternal effect on days two and three 
FOmnthe Fy diallel table such that when the BALB/cJ strain is 
the recurrent dam, female offspring score much higher than 


MalerOoLt Spring, 


Hayman's (1954a) analysis of variance (Table 10) 
gives an overall assessment of hereditary influences and type 
Bet inan action. The variation due to additive gene effects 
Or general combining ability 1s signitieanc and agreesswittt 
EaerOL COlvins (1964) and Oliverio, cteaien lowe). butte 
present study disagrees with these studies in that specific 
combining ability is not significant except for day one in 
males. Variation due to dominance effects or specific 
combining ability may not be significant in the present 
study because of a cancelling out of the dominance effects 
in that dominance towards increasing the score is balanced 
by dominance towards decreasing the score. This is supported 
By the results of the classical analysis (Figures 7 and 8 and 
Appendix IIT) in which two of the six crosses exhibit over= 


dominance toward the high scoring parent, two to the low 
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Sissel S 
Scoring parent, and two exhibit partial dominance. 


The overall mode of inheritance is overdominance 
withy the effect more pronownced Gn males than in the females. 
Other studies which report an overall overdominant mode of 
inheritance are Collins (1964), van Abeelen (1966), Schlesinger 
& Wimer (1967), Henderson (1968), and Parsons & Rose (1970). 
Royce, Et al (19/71) and Oliverio, et al (1972) report complete 
dominance. From the present study, and that of Royce, et al 
CES) andsColdanse(1964) ,,.1t canbe. scenuthatein individual 
crosses various modes of inheritance are displayed. The mean 
dominance ratio, (H,/D)*, indicates strong Rtn een eee for 
males, whereas, for females all modes of inheritance, over- 
dominance, complete dominance and partial dominance, are 
displayed. “ihis ditierence in expression is evidenced an 
that the variation due to dominance effects, Hy, is 
consistently larger in males than females. In addition, D; 
thescomponent Of Variation) due to additive crfects 1s less 
in the females. This is also shown in the variance-covariance 
graphs in which the regression line passes further below the 
y-axis in the males than females. This relationship of 
greater estimates of H) in males and greater estimates of D 
in females accounts for the much higher estimates of herit- 
ability in the females. Table 13 presents a comparison of 
the dominance ratio and heritability estimates between the 


present study and those studies in which the data was reported. 
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The present results do not seem to be in consistent agreement 
with the estimates by Royce, et al (1971) nor do the same 
relationships hold between males and females. Oliverio, et 
enim | CEQSS)7, atts inc: oa randomly bred strain, CD1, and an inbred 
strain, SEC/1ReJ, estimated heritability by ful l— “and hale 
sib correlations and by intrasire regression of offspring on 
dams to be about 0.50. Oliverio's (1971,1972)) estimates of 
both the dominance ratio and heritability are in agreement 


Ween those of Royce, et al (1971). 


At this time it does not seem meaningful to relate 
these results into an evolutionary framework Seat ata 
Superficial level.) Itis readily believable @that’ avoidance 
behavior may be of greater adaptive significance to females 
whose safety is directly related to the survival of the 
offspring and this is reflected in the higher number of 
correct avoidances obtained by females. If this is the case 
we would expect that a stronger selection pressure for high 
avoidance behavior in females would have taken place. If it 
had, we would expect lower heritabilities in females because 
had: selection been operating the variation due’ to additive 
effects would be diminished. This was not found in the 
presentestudy-othatvis) more’ varlation due to “additive 
effects was found in-females than males. It also may be 
that this measurement is only tangentially related to 
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avoidance behavior in the mouse’s natural environment. 
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We would not expect avoidance behavior to be under rigid 
genetic control as a fixed behavioral response would not be 
adaptive, but rather a general behavior pattern which would 


be fitted to individual situations would probably be inherited. 


To date avoidance behavior has not been analyzed 
using the classical method. This method provides the best 
assessment of epistatic gene action and potentially provides 
a great deal of specific genetic information. The graphs 
(Faqgures Yrand’ 8) from the classicalsanalysisftoruthe six 
group means further illustrates the various dominance 
eelaeionshi pss ing individuals crosses ea fhus analysis is use- 
fue Te pOINntingwoutmbhe differencessi neither crossest invoising 
SWR/J but not/‘in the other cases. The lack of significance 
of h, the component of the group means due to dominance 
effects, in’ the crosses not anvolving SWR/d) means) erther that 
dominance is absent or if there is dominance at individual 
jioci, the effects are in opposition (Appendix ZI1). » The 
components of variance estimated from the second-degree 
statistics are not in general meaningful. The occurrence of 
negative values when applying biometric genetic formulas is 
not unusual (Wright, 1952; Newell, 1970), 

The problem obtains mainly from the variance due to 
environmental effects which is large. The presence of 
genotype-environment interaction is another serious problem 


because its effects on estimates of .genetic parameters are 
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unknown. There is nothing in the theoretical framework of 
quantitative genetics to indicate the magnitude of the effects 
produced when this assumption is violated. Both Newell (1970) 
and Broadhurst & Jinks (1961) provide examples where the 
scaling requirements have been met and yet negative variances 


are estimated. 


It is generally accepted that genetic effects can 
be established by showing segregation, such that the variance 
of the F, should be larger than the variance of the Fi 
(Mather, 1949). However, Bruell (1962) has shown that the 
variance of the Fy generation may be smaller than expected. 

He states that the genetic variance of the F. is not always 
the’ largest among the three segregating generations as the 
relative size of the variances is a function of the degree of 
dominance. This dependency would produce relatively smaller 
variances in the backcross to the dominant parent and larger 
variances in the backcross to the recessive parent. This is 
seen to be generally true for the present. study. Bruell also 
Shows that genetic variance is inversely related” to the 
number of Segregating units controlling the ‘character. That 
is, the larger the number of genetic factors involved, the 
smaller the genetic component of variance becomes. (A genetic 
factor is defined by Mather (1949) as a segment of chromosome 
acting as an unit of inheritance.) Segregation cannot be 


demonstrated when the genetic component of variance becomes 
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small relative to the environmental component. The effects 
of both dominance and the number of genetic factors contribute 
toward the inability to show segregation by the ratio Vp es 

2 


as dominance has been shown to be present and Many genetic 


factors are probably involved in avoidance behavior. 


The estimate of NE ispanothersamajon factor in thac 
experimental error is increased due to non-rigorous control 
Oretdentiftiable factors which increase error.) Bruel1) (1962) 
stresses the importance of meticulous control of error 
variance and suggests increasing the number of subjects to 
Rewlcoucnesstandard error. | [Increasing the number of subjects 
is probably effective only to a certain degree as it will not 
decrease the error variance in a non-segregating generation 


that*1s- susceptible to small environmental” £luctuations. 


Detection of genetic variance by the classic method 
is further altered by the violation of the assumptions of 
isodirectionality of allelic effects and equality of additive 
gene increments. The present study most probably violates 
Chewtir sc sacsumoeion as in the anbrecd ing spLocec se Unere dsmano 
indication that selection was applied such that all the 
increasing genetic factors be in some strains and all the 
decreasing genetic factors for avoidance behavior be in other 


Sevauis. a Lic ertrlect of violation of this assumption cannot 


be evaluated. 
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Estimates of the number of genetic factors involved 


were not reported. Newell (1970) writes, 


"Falconer has remarked that the use 
of the presently available formulas 
for estimating k are not really 
appropriate unless there is good 
evidence that the assumptions of 
TsOdirectionae & distri’ butions ot 
alleles and equality of additive 
gene increments have been met." 


Newell (1970) cautions one to be skeptical of studies which 
freely estimate k values and construct theoretical models 
based on them. He points out that accurate estimation of k 
is a most complex and difficult undertaking and should not be 


attempted indiscriminately. 


Henderson (1968) also states that "...although 
detailed procedures for obtaining precise genetic estimates 
are aVailable, interpretation of these analyses beyond 
approximate quantitative or qualitative statements may be 
unwarranted." Wahlsten (1971) after critically reviewing the 
genetic experiments with animal learning suggests that 
avoidance behavior may be a too complex task and simpler 
learning tasks should be considered. He concludes that 
studies of complex learning are informative when the exper- 
imental question specifically involves the matter of complexity, 
but they otherwise confuse the issue of genetic control of 
learning by invoking numerous processes which are not involved 
in simple learning tasks. The present study seems to bear 


this out. No solution seems apparent for futher genetic 
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Studies on avoidance behavior in mice. Working with known 
mutants that might behave differently would be a slow process 
involving many pleiotropic effects. Looking for mutations 
centrally involved in avoidance behavior would be a laborious 
task with much difficulty in distinguishing genotypes because 


of the large variability of certain genotypes. 


Prom the, correlation matrices, atycan be seen that 
activity as measured by the number of crossings over the 
midline during, intertrial intervals is associated with 
avoidance behavior. Other factors which were not considered 


may be even more centrally involved. 


For more meaningful conclusions a parameter for non- 
“auhemice interaction may need to be introduced as indicated by 
Ehe mumber Of Significant chi-squares in the classical analysis. 
Estimation of this parameter is complicated by the presence 
of genotype-environment interactions as evidenced by the 
Significant Bae ratios of the non-segregating generation 
variances and by the fact that none of the transformations 
improved the homogeneity of variances in the Fi diallel 
cross (Appendix III and Table 6). Another aspect of the 
problem may stem from the manner in which avoidance behavior 
is measured. The conditions used to measure avoidance 
conditioning behavior may be creating a floor and ceiling 
effect. That is, the conditions are such that differentiation 
between levels of avoidance behavior cannot be made especially 


within the very inferior or very superior avoidance learners. 
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In summary, the genetic analyses of avoidance 
benaviore in. 2,204 mice belonging to the inbred strains, A/HeJ, 
BALB/cJ, SWR/J and 129/J and to the Fir EF, and backcross 
generations was carried out. The results show a difference 
for males and females. Females score significantly higher 
than males in the number of correct avoidances, have smaller 
estimates of variation due to dominance effects, larger 
estimates of variation due to additive effects and as a 
consequence have higher heritabilities and a lower mean 
degree of dominance. For males the overall mode of inheritance 
is that of strong overdominance, whereas, for females all 
modes of inheritance are displayed. Examination of individual 
crosses shows that the mode of inheritance varies with the 
Strains used Buch that a given strain will exhibit strong 


overdominance in one cross and partial dominance in another. 


Non-allelic and genotype-environment interactions 
were found to be present. A transformation could not be 
found to eliminate these interactions and the extent of 


their effect on the analyses cannot be evaluated. 


An attempt was undertaken to obtain estimates of 
genetic parameters but because of the complexity of the 
behavior, precise explanation of genetic effects could not 
be found. Genetic effects are more pronounced on day one 
and this may reflect that initial response to noxious stimuli 
is of more adaptive value than learning to increase avoidance 


to stimuli already in the mouse's repertoire. 
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APPENDIX I 


Tables of means (bold type) and variances (italics) for 
each day for males and females along with the variance of 
CAaCh arcay, Vr, the covariance, W,, of each array with 
the parental strains, and the difference between the 


variance and covariance of each array. 
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APPENDIX ITI 
Graphs for days one, two and three of the inverse probability 
integral of the cumulative sum,p, Of the percentage freq- 


uencies up to each class limit. 
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Results £From classical analysis: 


The upper part of each table presents the mean 
and variance for each of the generation groups for each 
day. The lower part of the table presents) thes stacistuics 
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APPENDIAGLY, 


Code for the variables in the correlation matrices: 
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